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Rogal Socizt 9. 347 

For  a similar reason, in discussing the possibility of effeeting 
those very general transformations given in my " Mathema-  
tical Researches," in which a may have a fixed value while m 
is increased without limit, the question does not arise respect- 
ing the illusory form of the series for 9. ' B u t  below a certain 
limit the method of proof there followed evidently leaves us 
without any information respecting the occurrence.of the form 
0 

-6-; and it becomes interesting to inquire how far the general 

O solution may extend itself even through the f o r m -  6 to a 

particular value of m. 
West Park, Bristol, March 13, 1838. 

L I X .  Proceedings of  Learned Societies. 

ROYAL SOCIETY. 

[Continued from p. ~80.] 

Report of the Proceedings of the Council for the past year. 

T HE principal business of public interest which has occupied the 
attention of the Council relates to the extension of accurate 

magnetical and meteorological observations in different parts of the 
world. 

A communication having been made by Lieut. William Denison, 
of the Royal Engineers, of a proposal from General Muleaster, In- 
spector-General of Fortifications, that the officers of engineers ge- 
nerally should be employed, under the direction of the Royal Society, 
in promoting the advancement of science, by carrying on connected 
series of observations ~elating to Natural History, Meteorology, 
Magnetism, and other branches of physical science, and suggesting 
an application to Government for a grant of funds necessary for ef- 
fecting so desirable an object; a Committee was appointed to con- 
sider of the proposed measure, and of the means of carrying into 
effect the recommendations contained in the letter of Baron Von 
Humboldt, addressed in April last to His Royal Highness the Pre- 
sident*. Conformably with the report made by this Committee, the 
Council fixed on the ten following places, namely, Gibraltar, Corfu, 
Ceylon, Hobart Town, Jamaica, Barbadoes, Newfoundland, Toronto, 
Bagdad, and the Cape of Good Hope, as being the most eligible for 
carrying on magnetic observations according to the plan recom- 
mended by Baron Von Humboldt; those places being permanent 
stations, where officers of engineers and clerks are always to be 
found. The Council also determined that, for the present, the ob- 
servations of magnetism may be limited to those of the direction of 
the magnetic needle, and the meteorological observations restricted 

* See p. ~71. 
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348 Royal Society: Report o f  the Council: 

to those made on the four days, and in the manner recommended in 
Sir John Herschel's instructions. 

A grant of 500L from the public funds has since been obtained 
from the Lords Commissioners of Her  Majesty's Treasury, in aid of 
the purchase of the necessary instruments for carrying on the mag- 
netic observations, according to the plan proposed by the Committee, 
and under the directions of the Royal Society. 

A statement having been also laid before the Council by Mr. 
Christie of the importance of a more accurate determination than 
has hitherto been made of the variation of the magnetic needle at 
several points on the coasts and in the interior of Great Britain and 
Ireland, and likewise of the dip and of the intensity of terrestrial 
magnetism, the Council, fully concurring in these views, presented 
to the Lords of the Admiralty a strong recommendation that steps 
should be taken for carrying into effect the course of observations 
pointed out by Mr. Christie ; and their Lordships have in conse- 
quence appointed a Committee to meet and examine into this im- 
portant subject. 

The Council having deemed it desirable that the difference of level 
between the brass mark fixed by Capt. Lloyd on the north-east 
landing stairs of the New London Bridge, and Mr. Bevan's mark on 
the basement of the pilasters of the north-east landing stairs of 
Waterloo Bridge, should be accurately determined, requested Sir 
John Rennie to undertake this determination. Sir John Rennie has 
reported to the Council that, after repeated trials, the greatest varia- 
tion of which did not exceed two-tenths of an inch, he found that 
the mark on Waterloo Bridge is 3 feet and 1"65 inches above that 
on New London Bridge u, 

The Council have awarded the Copley Medal of this year to M. 
Becquerel for his various Memoirs on the subject of Electricity, 
published in the "M6moires de l 'Acad6mie Royale des Sciences de 
l 'Institut de France", and particularly for those on the production of 
Crystals of Metallic Sulphurets and of Sulphur, by the long-con- 
tinued action of electricity of very low tension, and published in 
the tenth volume of those Memoirs t* 

Among those who have been engaged in investigating the phm- 
nomena of electricity, M. Becquerel holds an eminent rank, and 
the Memoirs of the Royal Academy of Sciences of Paris bear 
ample testimony to the success which has attended his researches 
in this department of science. He appears early to have been sen- 
sible that, for the detection of phmnomena which may occur at the 
instant of incipient molecular attraction, and which become masked 
by the more general effect of the transfer of the elements when 
powerful electric currents are employed, it  was necessary to sub- 
stitute for these currents of very low tension +. Following out the 
view, carefully adjusting the strength of the current to the power of 

* See p. 205. 
¢ See Scientific Memoirs, vol. i .p.  414. 
~_ Annales de Chimie, tom. xxxlv, p. 152. Mkmoire lud I'AeadJmic 

Royale des Sciences, &c., ¢I Aout, 18¢6. 
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View oj  M. Becquerel ' s  Electrical Researches. 349 

the affinities brought into action, he succeeded, by electric decom- 
position, and by subsequent recomposition of the elements, in ob- 
taining crystals of some of the lnetallie sulphurets, of sulphur, of 
the iodurets of lead and copper, of the insoluble sulphates of lime 
and barytes, of the carbonate of lead, and other substances, a few 
of which had previously, by other means, been obtained crystallized, 
but of which the great majority had only been recomposed in an 
amorphous state. In the Memoirs to which the Council have par- 
tieularly adverted in the award of the Copley Medal to M. Bec- 
querel, he had especially in view to explain, by the agency of elec- 
tricity of very low tension, continued for an indefinite time, the 
occurrence of crystallized substances in mineral veins. The suc- 
cess with which his experiments were crowned in obtaining by 
such means crystals of the metallic sulphurets and of other sub- 
stances, perfectly resembling those found abundantly in mineral 
veins, is favourable to the correctness of the views he had enter- 
tained ; and these views derive additional support from the results 
obtained by others, in perfect accordance with his own, by means 
differing from those he employed, but involving precisely the same 
principles. Mr. Fox, in his experiments, which appear to have been 
conducted on a larger scale than those of M. Becquerel, endeavoured 
more closely to imitate the arrangements of nature, by introducing, 
between the substances acted on, walls of clay, in imitation of the 
"fiucan courses" in the Cornish mines ; these walls performing the 
same functions as the moistened clay in M. Becquerel's experiments ; 
and he infers from his results, that the ph~enomena presented by the 
mineral veins of Cornwall are explicable on principles which are 
similar to those pointed out by M. Becquerel*. I t  is thus rendered 
highly probable that the long-continued action of electricity of low 
tension has been at least one of the means by which crystallized 
bodies now existing in mineral veins have been produced. 

But quite independently of the bearing of M. Beequerel's results 
on a question of great geological interest, the formation of crystals 
of metallic sulphur~ets and other substances by the agency of elec- 
tricity was a great step in chemical science. As M. Becquerel very 
justly observes, the two branches of chemistry, analysis and syn- 
thesis, are at present in very different states. With the exception 
of crystals derived from aqueous solution,--whieh are by far the 
least abundant of natural erystals,--and a few from fusion, the 
great mass of crystallized bodies existing in nature had as yet re- 
mained inimitable by chemical processes. In the Memoirs re- 
ferred to, not only are experiments described by which crystals 
of several of these substances have been obtained, but the principles 
are pointed out, by the application of which we may anticipate that 
large classes of others will be produced. M. Becquerel has thus 
opened a new field for inquiry and discovery, in which he has him- 
self gathered the first fruits, but which still offers to future labourers 
the prospect of an abundant harvest of knowledge as regards both 
the recomposition of crystallized bodies, and also the processes 

* See Lond. and Edinb. Phil. Mag., vol. xi. p. 203. 
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which may have been employed by nature in the production of 
such bodies in the mineral kingdom. 

A Copley Medal has been awarded to John Frederick Daniell, 
Esq., for his two papers on Voltaic Combinations, published in the 
Philosophical Transactions for 1836". 

The Council are desirous of testifying, by this award, their sense 
of the great value of Mr. Daniell's invention of a new form of the 
voltaic battery, capable of producing, for a considerable length of 
time, a perfectly equal and steady current of electricity. The prin- 
ciples on which his apparatus, which he terms the constant battery, 
is constructed, were the results of a series of well-devised experi- 
ments, directed to the discovery of the cause of those great and 
often rapid variations in the power of the ordinary battery, which 
have hitherto limited its utility when employed for purposes of 
philosophical research, and the removal of which has greatly ex- 
tended the range and multiplied the applications of this powerful 
instrument of chemical analysis. 

The train of reasoning that led Mr. Daniell to this discovery, 
originated in an inquiry which he undertook with the view of de- 
termining with precision the influence exerted by the different parts 
of the voltaic battery in their various forms of combination. For 
this purpose he contrived an apparatus which he designates by the 
name of the dissected battery, and which consists of a series of cylin- 
drical glass vessels capable of holding the fluid electrolyte, with a 
pair of metallic plates immersed in it, each plate communicating 
below by means of a separate wire, with a small quantity of mercury, 
as the medium of the various communications which may at pleasure 
be made with other metallic parts of the apparatus. This arrange- 
ment affords peculiar advantages for studying the difference of effect 
in reference to the quantity and the intensity of the electric current, 
consequent on the different modes of connecting the elements of the 
battery, and also the influence of retarding forces resulting front 
other modes of connexion. In the coarse of these researches, 
Mr. Danietl, observing the great extent of negative metallic suri~tce 
over which the deoxidating influence of the positive metal appeared 
to manifest itself, was induced to institute a more careful examina- 
tion of the circumstances attending this class of ph~enomena, and was 
led to the discovery of the gradual deposition of zinc on the platina 
plates being the principal cause of the progressive decline of the 
power of the battery. I t  was then that the means of counteracting 
this tendency presented itself to his mind. His plan consists in the 
coustant application of a solution of sulphate of copper to the copper 
surface, while, at the same time, diluted sulphuric acid is constantly 
applied to the zinc surface, on which it exerts an oxidating and a 
solvent power, and is constantly renovated as it becomes charged 
with zinc. The two fluids are separated from one another by a par- 
tition formed of membrane, or other porous substance, which pre- 
vents intermixture, but offers no obstacle to the transmission of 

Abstracts of Mr. DauieU's papers were given in Lond. & Edinb. Phil 
Mag., vol. viii. p. 421, and vol. ix. p. 376. 

Ph
ilo

so
ph

ic
al

 M
ag

az
in

e 
Se

ri
es

 3
 1

83
8.

12
:3

47
-3

68
.



View o f  Mr .  W h e w e l l ' s  Researches on the Tides. 351 

galvanic action. Two principal objects are accomplished by this 
arrangement of the constituent parts of the battery;  first, the re- 
moval out of the circuit of the oxide of zinc, the deposit of which 
gradually reduces, and at length suspends, the action of the ordinary 
battery ; and secondly, the absorption of the hydrogen evolved upon 
the surface of the copper, without the precipitation of any substance 
tending to counteract the voltaic action of that surface. 

The advantages likely to arise to science from the invention of 
the constant voltaic battery are numerous and important. Mr. Da- 
niell has shown how it may be made to supply a measure of chemical 
affinity, and has applied it with effect in the investigation of the in- 
fluence of ehanges of temperature on voltaic action. The construc- 
tion of a constant battery of large dimensions, which he has recently 
completed, has already opened new views of the possible application 
to economical purposes of the powers of voltaic electricity, an agent, 
of which the influence appears to be so energetic and so widely dif- 
fused throughout nature. 

The Council have adjudged one of the Royal Medals, in con- 
formity with the announeement made in 1834, to Mr. Whewell, for 
his series of Researches on the subject of the Tides, which have been 
published in qur Transactions during the last three years. 

Mr. Whewell's researches have been ehiefly directed to the three 
following points : first, the motion of the tide-wave at different point~ 
of the ocean ; secondly, the comparison of the observed laws at cer- 
tain places with the theory ; and lastly, the laws of the diurnal in- 
equality of the tide. 

I t  is to Mr. Lubbock that we are indebted for the first accurate 
comparison of the theory of the tides as given by Bernoulli in his 
treatise Du flux et reflux de lamer, with the results of observation 
as deduced'from a period of nineteen years in the port of London. 
In this memoir, which was published in our Transactions for 1831, 
there was given a most elaborate discussion by Mr. Dessiou, under 
Mr. Lubbock's directions, of more than 13,000 observations, and 
the results were of great importance, not merely as furnishing the 
materials and the general rules for the construction of tide tables, but 
also for the general accordance which they exhibited with the equi- 
librium theory of Bernoulli, particularly with respect to the semimen- 
8trual inequality. This agreement was the more important, as af- 
fording the indieation of the real existence of a physical connection 
between the theory and observation, and as consequently justifying 
~ueh a further examination of its consequences as might lead to the 
discovery or suggestion of such modifications of it as would lead to 
its general aeeordanee with the laws of all the faets observed. 

In a subsequent diseussion of the tides of Liverpool, published in 
our Transactions in 1835 and 1856, Mr. Lubbock showed, as had 
partly indeed been suggested by Mr. Whewell in his papers on the 
empirical laws of the tides of London and Liverpool, that by refer- 
ring the tide, not to the lunar transit immediately preceding, but  
to an anterior lunar transit, one, two, or more days before, the 
formulae furnished by the equilibrium theory would be brought into 
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almost perfect accordance with the observed inequalities in the 
heights and times of the tides which are due to the changes in the 
moon's parallax. This was a most important step in the connexion 
between theory and observation, and has been found to apply, to a 
considerable extent, to all the periodical inequalities of the tides, 
though very different epochs are required for different inequalities. 
Thus Mr. Whewell has shown that the diurnal inequality in the 
heights of high and low water, which is due to the change in the 
moon's declination, would require to be referred to the lunar transit 
four days preceding. 

But though the formulae furnished by theory can be thus adjusted 
to represent generally the results of observation for any assigned 
station, yet our theory is quite incompetent to assign the physieor 
mathematical grounds upon which such adjustments are made : the 
complete solution of such a problem would probably require a know- 
ledge of the laws of hydrodynamics much beyond that which we 
now possess. 

The first memoir which was published by Mr. Whewell was an 
"Essay  towards a first approximation to a map of cotidal lines," and 
appeared in our Transactions for 1833. 

By cotidal lines, Mr. Whewell means those lines which may be 
drawn through all those points of the ocean which have high-water 
at the same moment of absolute time. 

By analysing the movements of the tides as determined by the most 
simple considerations of the laws of fluid motion in open seas and in 
channels, and by explaining the circumstances of their convergence 
or divergence, their interference with each other, their retardation 
in shallow water, and their consequent tendency to sweep round the 
coasts and to approach them almost perpendicularly ; and further, 
by discussing very carefully all the materials which nautical surveys 
and books of navigation could furnish him, Mr. Whewell was en- 
abled to construct a map, which not only represented the general 
circumstances of the tides of the coasts of Great Britain, but like- 
wise the movement of the great tidal wave, on the coasts of Europe, 
in the Atlantic Ocean, in the Indian seas, and on the coasts of New 
Zealand. 

I t  was with a view to correct this first approximation to a map 
of cotidal lines that Mr. Whewell procured a very extensive series 
of observations to be made on the coasts of Great Britain and Ire- 
land at 5¢7 stations of the Coast Guard for an entire fortnight in 
June, 183¢. These observations were repeated in June, 1835, and 
were accompanied by simultaneous observations made by the great 
maritime powers of Europe and North America, at the request of 
the Government of this country, at various stations on their coasts. 
The immense mass of observations, thus furnished, were reduced, 
under Mr. Whewelrs directions, at the expense of the Admiralty, 
and some of the results, which are extremely important and in- 
teresting, have been communicated by him to the Royal Society in 
two Memoirs in our Transactions for 1835 and 1836. The last of 
these Memoirs was accompanied by a second map of the eotidal 
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lines of the coasts of Europe, accompanied also by indications, ef- 
fected bya  peculiar notation, of the total range, in yards, of the tides 
at the different stations at which observations had been made. 

Many very remarkable conclusions with respect to the motion of 
the tide-wave have resulted from these observations; amongst 
others may be mentioned the rotatory motion of the tide-wave 
which enters the German Ocean between the Orkneys and Norway, 
sends a southerly detachment along the coasts of Great Britain, 
which is reflected from the projecting coast of Norfolk upon the 
north coast of Germany, and meets the main wave again on the 
coast of Denmark. 

I t  is impossible in the course of a very brief abstract like the 
present to notice all Mr. Whewell's researches in detail. His 
second great object was to compare the observed laws of the tides 
with the theory, or to propose such modifications of the forms of 
the theory as would reconcile it with the observations. 

The interest which attaches to such investigations, which is so 
great during the progress of the structure which is to be raised upon 
them, ceases in many cases when the fabric is completed : a remark 
which is applicable to many of the most important researches and 
discoveries in philosophy, where we are accustomed to regard the last 
form only in which the theory is compared with the facts which are 
observed, and to forget or to neglect the series of laborious in- 
vestigations which have led to its establishment, but which are no 
longer necessary for its explanation or proof. This observation 
may be applied, in some degree, to Mr. Whewell's very ingenious 
Memoir " On the Empirical Laws of the Port  of London", in which 
he attempts to deduce from observation and from very simple ge- 
neral considerations, the character of the formulm for determining 
the establishment, the semimenstrual inequality, the corrections for 
lunar and solar parallax and declination, both as affecting the times 
and the height of high water. Similar observations may be ex- 
tended to his papers on the "Empirical  Laws of the Tides of the 
Port of Liverpool," and also on the "solar  inequality and diurnal 
inequality" of the tides at the same place, which are full of valuable 
suggestions which the subsequent investigations of Mr. Lubbock 
have, in some cases, very remarkably confirmed and extended. 

The last of the series of researches of Mr. Whewell relate to the 
diurnal inequality of the height of the tide, which the discussion of  
the tides at Liverpool had exhibited, though under circumstances 
much less striking than those which characterize its appearance in 
other places. The first of his memoirs on this subject relates to the 
diurnal inequality at Plymouth and Sincapore, at the last of Which 
places its magnitude is very remarkable, making a difference of not 
less than six feet in the height of morning and evening tide, and quite 
sufficient to obliterate, under certain circumstances, one of the semi- 
diurnal tides, and explaining certain phmnomena in the tides wbich 
have been considered as cases of interference. Mr. WhewelI was 
led, from certain remarkable changes in the epoch of this phmno- 
menon, which seemed to be deducible from the observations at Bris- 

Phil. Mag. 8. S. Vol. 15. No. 75. Apri~ 1838, 2 K 
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tol, Liverpool and Leith, to suspect that its progress along the coasts 
of Europe and Great Britain was retarded according to some regular 
law. His subsequent discussion, however, of the simultaneous ob- 
servations made in June, 1835, with an especial view to this in- 
equality, showed that the differences of diurnal inequality were go- 
verned by local causes, and consequently negatived altogether the 
hypothesis of its progressive propagation according to a law distinct 
from that of the other inequalities of the tides. 

The preceding abstract of Mr. Whewell's Researches on the Tides 
is necessarily very brief and imperfect, and little calculated to con- 
vey to the minds of those who have not read his very extensive series 
of  memoirs art adequate notion of the amount of labour and of 
thought which the discussion of such extensive series of observa- 
tions must have required. 

The importance of the results which have been obtained by him 
and Mr. Lubbock, may be best estimated by the rapid advancement 
which has been made in our knowledge of the laws which regulate 
the movements of the tides during the last six years, and which is 
entirely owing to their joint labours. Theory, though little culti- 
vated and little known, was then in advance of observation : tide 
tables were constructed by unpublished rules~ which formed a pro- 
fitable possession to those to whom the secret was known : and t h e  
distinctive characters of the tides in the different ports of this king- 
dom, that of Liverpool perhaps excepted, were confined to the expe- 
rience and tact of those who were accustomed to use them ; but how 
different is the case at present I The rules for the construction of tide 
tables are not only public property, but  are based upon the most ex- 
tensive observations : laws, whose existence was hardly suspected, 
are now distinctly laid down : the progress of the waves in the most 
frequented parts of the ocean is beginning to be accurately deve- 
loped:  theory, which was formerly in advance of observation, 
though greatly improved in those parts of it  which do not involve 
the hydrodynamical laws of the ocean, is now greatly behind it ; 
and such a basis of facts has been laid down as may enable the 
mathematician to commence such a series of investigations, as may 
terminate in enabling another Laplace to give to the theory of the 
tides a form which may rival, in the certainty of its predictions, the 
almost perfect theories of  physical astronomy*. 

The following were then elected as Officers and of Council : 
President.-- His Royal Highness the Duke of Sussex, K.G. 

Treasurer.--Francis Baily, Esq. Sevretaries.--Peter Mark Roger, 
M.D. ; Samuel Hunter  Christie, Esq., M.A. Foreign Secretary.-- 
William Henry Smyth, Capt. R.N. Othgr Members of the Council.~ 
John Bostoek, M.D. ; The Earl of Burlington ; John George Chil- 
dren, Esq. ~ John Frederick Daniell, Esq.; Sir Philip Grey Eger- 
ton, Bart. ; Davies Gilbert, Esq., D.C.L. ; Charles Konig, Esq. ; 
The Marquis of Northampton ; Rev.George Peacock, M.A. ; William 
Hasledine Pepys, Esq.; Stephen Peter Rigaud, Esq,, M.A. ; John 

* Abstracts of Mr. Whewell's papers on the tides will be found in Lond. 
at~d Edinb. Phil. Mag., vol. iii. p. ~16 ; vol. iv. p. ~°3; vol. vii. p. 136; 
vol. viii. p. 147,430, 547 ; vol. ix p. 5~8; vol. x. p. 317, 380; vol. xi. p. 195. 
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Sir  D.  Brewste r  on the Colours o f  Mixed Plates. $55 

Forbes Royle, M.D. ; Benjamin Travers, Esq. ; James Walker, Esq.; 
Charles Wheatstone, Esq. ; Rev. William Whewell, ]VI.A. 

December 7, 1837.--No paper was read. 
Dec. 14, 1837.--The reading of a paper, entitled " On low }'otis 

and stationary Clouds." By Will iam Kelly, M.D. Communicated 
by Captain Beaufort, R.N., F.R.S.,  &c., was resumed and con- 
cluded.* 

The object of the present paper is to point out the circumstances 
which influence the formation of low fogs, and to show what ana- 
logy exists between the causes that produce them and those that 
occasion certain forms of clouds, which may be considered as differ- 
ing from fogs only in position. Having been attached for several 
years to the naval party employed in the survey of the gulf and river 
of St. Lawrence, the author had ample opportunities of observing the 
phenomena in question. He concludes that the fogs described oc- 
cur chiefly when the air is nearly saturated with moisture, and when 
at the same time the temperature of the water on which they rest 
either exceeds that of the air, or is considerably below it. These 
fogs are generally very dense, often limiting the sphere of vision to 
a few fathoms; but seldom extend to any considerable height. 
They do not often cover the land to any distance from the shore ; 
and the tops of the hills, close to the water's edge, arc clear, while 
the bases, or sides, are enveloped in the mist. 

The following papers were then read : - -  
" On the Colours of Mixed Plates." By Sir David Brewster, 

K.(~.H., F.R.S.,  &c. 
In the prosecution of his optical inquiries, the author was induced 

to study the phenomena of mixed plates, (originally discovered by 
Dr. Young, and described by him in the Philosophical Transactions 
for 1802,) as he had observed similar appearances in various mineral 
bodies under analogous circumstances, to which he had been led to 
ascribe an origin different from that assigned by Dr. Young. In 
order to obtain a more distinct view of these colours, Sir David 
Brewster employed, instead of the substances used by Dr. Young, 
the white of an egg, beat up into froth, and pressed into a thin film 
between plates of glass. From observations of the colours exhibited 
by plates so prepared, and also by the edge of a thin film of nacrite 
in contact with copaivi balsam, the author deduces the conclusionj 
that all these phenomena, as well as those often seen in certain 
specimens of mica through which titanium is dissominated, and also 
in sulphate of lime, are cases of diffraction, where the light is ob- 
structed by the edges of very thin transparent plates placed in a 
medium of different refractive power. If the plate were opake, 
the fringes produced would be of the same kind as those often 
noticed, and which are explained on the principle of interference ; 
but, owing to the transparency of the plate, fringes are produced 
within its shadow; and, owing to the thinness of the plate, the 
light transmitted through it  is retarded, and, interfering with the 

• We here resume our regular report of the Society's Proceedings, inter- 
rupted in p, I~06. 

2 K 2  
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356 Royal Society. 
partial waves which pass through the plate, and with those which 
pass beyond the diffracting edge with undiminished velocity, modify 
the usual system of fringes in the manner described by the author 
in the present paper. 

" Of such Ellipsoids, consisting of homogeneous Matter, as are 
capable of having the Resultant of the Attraction of the Mass upon 
a Particle in the Surface, and a Centrifugal Force caused by re- 
volving about one of the Axes, made perpendicular to the Surface." 
By James Ivory, K.H., M.A., F .R .S .L .  and Ed., Inst. Reg. Sc., 
Paris, Corresp. et Reg. Sc. Gotting. Corresp. 

Lagrange, who has considered the problem of the attractions of 
homogeneous ellipsoids in all its generality, and has given the true 
equations from which its solution must be derived, inferred from 
them that a homogeneous planet cannot be in equilibrium unless it 
has a figure of revolution. But M. Jacobi has proved that an equi- 
librium is possible in some ellipsoids of which the three axes are un- 
equal and have a certain relation to one another. His transcend- 
ental equations, however, although adapted to numerical computa- 
tion on particular suppositions, still leave the most interesting points 
of the problem unexplored. 

The author of the present paper points out the following property 
as being characteristic of all spheroids with which an equilibrium is 
possible on the supposition of a centrifugal force. From any point 
in the surface of the ellipsoid draw a perpendicular to the least axis, 
and likewise a line at right angles to the surface : if the plane pass- 
ing through these two lines contain the resultant of the attractions 
of all the particles of the spheroid upon the point in the surface, 
the equilibrium will be possible, otherwise it will not. For the re- 
sultant of the centrifugal force and the attraction of the mass must 
be a force perpendicular to the surface of the ellipsoid, which re- 
quires that the directions of the three forces shall be contained in 
one plane. This determination obviously comprehends all spheroids 
of revolution ; but, on account of the complicated nature of the at- 
tractive force, it is difficult to deduce from it whether an equilibrium 
be possible or not in spheroids of three unequal axes, a problem which 
is unconnected with the physical conditions of equilibrium, and which 
is a purely geometrical question respecting a property of certain 
ellipsoids. 

The author then enters into an analytical investigation, from 
which he deduces the fundamental equation. 

A A 
B 1 + ~ - -  C I +~ t~  . . . . . . .  (1.) 

the three axes of the ellipsoid being 
k, k ¢ ( 1 +  ~,), kd(l+a'~), 

and A, B, C, constants, afterwards expressed by certain definite in- 
tegrals. He then remarks that every ellipsoid which verifies this 
formula is capable of an equilibrium when it is made to revolve with 
a proper angular velocity about the least axis ; for, in this case the 
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centrifugal force will be represented in quantity and direction by 
line such that the resultant of this force and the whole attraction of 
the ellipsoid upon a point in the surface will be perpendicular to the 
surface. Lagrange had concluded that the equation (1), which re- 
sults immediately from his investigations, admits of solution only in 
spheroids of revolution, that is when ~, ~ W and B = C ; hut by ex- 
pressing the functions A, B, C in elliptic integrals, M. Jaeobi has 
found that the equation may be solved when the three axes have a 
particular relation to one another. In order to ascertain the precise 
limits within which this extension of the problem is possible, and to 
determine the ellipsoid when the centrifugal force is given, the au- 
thor has recourse to the equations of Lag-range, which contain all the 
necessary conditions, and he deduces the equations 

A A 
f • B - -  ] - -~-~ ,  f • C - -  l + ~,'~' . . (2.) 

where f represents the intensity of the centrifugal force at the di- 
stance equal to unity from the axis of rotation; and he remarks that 
these equations coincide with the equations of bagrange. Substi- 
tuting for A, B, C certain definite integrals given in the Mdcanique 
Cdleste, he deduces three equations expressing the value of g, the 
ratio of the intensity of the centrifugal to that of the attractive force, 
one of these being expressed in terms of the density, and the other 
two in the form of definite integrals ; and then remarks that " these  
equations comprehend all ellipsoids that are susceptible of equilibrium 
on the supposition of a centrifugal force." 

He then applies these equations to the more simple case of the 
spheroid of revolution, where X -= X F ---- l, and determines the value 
of 1 l~--- 2"5293, 
and the corresponding maximum value of g ~  0"3370, and re- 
marks that, with respect to spheroids of revolution, it  thus ap- 
pears that an equilibrium is impossible when g, or its value in terms 
of the density, is greater than 0"3370. In the extreme case, wheng 
is equal to 0"3370, there is only one form of equilibrium, the axes of 
the spheroid being 

k andk  ¢ { 1  + (2'5293) ~-} or 2"7197 k;  
but when g is less than 0"3370 there are two different forms of equi- 
librium, the equatorial radius of the one being less, and of the other 
greater than 2"7197 k, k being the semi=axis of rotation. 

The number of the forms of equilibrium in spheroids of revolution, 
he remarks, is purely a mathematical deduction from the expression 
of the ratio of the centrifugal to the attractive forces ; and as this has 
been known since the time of Maclaurin, the discussion of it  was all 
that was wanted for perfecting this part of the theory. 

Returning to the general equations of the problem, the author 
deduces the equations d 

g -=~ppP 

d ~  
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where  ~ is a definite integral, such that 
__ d ~  d ~  I 

g--2-~ "~" g =  dx" 
p = ~. ~.r and ~'~ = (~. - -  ~P)~, 

which equations apply exclusively to ellipsoids with three unequal 
axes, and solve the problem with regard to that class. From these 
he derives another equation, which he states is no other than a trans- 
formation of his first fundamental equation, and is equivalent to 
other transformations of tile same equation found by M. Jacobi and 
M. IAouville. 

He also remarks that a limitation of one of the constants, which 
the verification of this formula requires, agrees with the limitation of 
M. Jacobi;  and further, that the relations which may subsist be- 
tween the constants proves that there does exist an infinite number 
of ellipsoids not of revolution, which are susceptible of an equili- 
brium. 

After determining the corresponding limits of these relations of 
the constants, p being contained between the limits 1"9414 and 1, 
while ~ increases from zero to infinity, he remarks that an elliptical 
spheroid formed of a homogeneou~ fluid can be in equilibrium by the 
action of a centrifugal force only when it revolves about the least axis. 

He next deduces the general value of g (the ratio of the forces,) 
and thence its value in one extreme case, when r ~ ---- 0, or when 

and ~t axe equal, and remarks that this is no other than the deter- 
mination of g in a spheroid of revolution having its axes equal to 

k and k ~ / 2 " ~  -~ k X 1"7150. 
In the other extreme ease, when ~.o is infinitely great, g is zero. 

From this investigation the conclusion is arrived at, that for every 
given value of r ~ there is only one value of p, and only one ellip- 
soid; and that to every such ellipsoid there is an appropriate value 
of g : and, further, that for every possible value of g there will be 
only one value of ~'~-, and consequently only one ellipsoid susceptible 
of an equilibrium. 

Also the reading of a paper, entitled, "Exper imenta l  Researches 
in Electricity." Eleventh Series. By M. Faraday, Esq., D.C.L., 
F.R.S.,  FuUerian Professor of Chemistry at the Royal Institution, 
was commenced. 

December 21, 1837.--The reading of Mr. Faxaday's eleventk 
series of Experimental Researches in Electricity was resumed, but 
not concluded. 

The Society then adjourned over the Christmas vacation to meet 
again on the l l t h  of January 1838. 

January 11, 1838.--The reading of a paper, entitled "' Experi- 
mental Researches in Electricity," Eleventh Series, by Michael 
Faraday, Esq., D.C.L., F.R.S. ,  Fullerian Professor of Chemistry at 
the Royal Institution, &c., was resumed and concluded*. 

* Having inadvertently inserted in our number for February a notice of 
this paper in an incomplete form, we now give the complete and corrected 
official abstract of it. 

Ph
ilo

so
ph

ic
al

 M
ag

az
in

e 
Se

ri
es

 3
 1

83
8.

12
:3

47
-3

68
.



Researches in Electricity: Eleventh Series, S~9 

The object of this paper is to establish two general prlneiples re 
latlng to the theory of electricity, which appear to be o f  great im- 
portance ; first, that induction is in all eases the result of the actions 
of contiguous particles ;. and secondly, that different insulators have 
different inductive capacities. 

The class of ph~enomena usually arranged under the head of in- 
duction are reducible to a general fact, the existence of which we may 
recognise in all electrical ph~enomena whatsoever ; and they involve 
the operation of a principle having all the characters of afirst, essen, 
tim and fundamental law. The discovery which he had already made 
of the law by which electrolytes refuse to yield their elements to a 
current when in the solid state, though they give them forth freely 
when liquid, suggested to the author the extension of analogous ex- 
planations with regard to inductive action, and the possible reduction 
of many dissimilar ph~enomena to one single comprehensive law. 
As tho whole effect upon the electrolyte appeared to be an action 
of the particles when thrown into a peculiar polarized state, he was 
led to suspect that common induetion itself is in all cases an action 
of contiguous particles, and that electrical aetion at a distance, which 
is what is meant by the term induction, never occurs except through 
the intermediate agency of intervening matter. He considered that a 
test of the correctness of his views might be obtained by tracing the 
course of inductive action ; for if it  were found to be exerted in curved 
lines it  would naturally indicate the action of contiguous particles, 
and would scarcely be compatible with action at a distance. More- 
over, if induction be an action of contiguous particles, and likewise 
the first step in electrolyzation, there seemed reason to expect some 
particular relation of this action to the different kinds of matter 
through which i t  is exerted;  that is, something equivalent to a 
specific electric induction for different bodies ; and the existence of 
such specific powers would be an irrefragable proof of the dependence 
of induction on the intervening particles. The failure of all attempts 
to produce an absolute charge of electricity of one species alone, in- 
dependent of the other, first suggested to the author the notion 
that induction is the result of actions among the individual and con- 
tiguous particles of matter, having both forces developed to an ex- 
tent exactly equal in each particle. 

The author describes various experiments, with the view of show- 
ing that no case ever occurs in which an absolute charge of one spe- 
cies of electricity can be given. His first experiments were conducted 
on a very large scale : an insulated cube, twelve feet in the side, 
consisting of a wooden frame, with wire net.work, every part of 
which was brought into good metallic contact by bands of tin foil, 
had a glass tube, containing a wire in connexion with a large elec- 
trical machine, passed through its side, so that about four feet of the 
tube entered within the cube and two feet remained without ; but i t  
was found impossible in any way to charge the air within this appa- 
ratus with the least portion of either electricity. 

For investigating the question whether induction is an action of 
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contiguous particles, the author employed, as an electrometer, the 
torsion balance of Coulomb with certain alterations and additions ; 
and for deciding that of specific inductive capacity, a new apparatus, 
constructed for that express purpose. This apparatus consisted of 
two hollow brass spheres, of very unequal diameters, the smaller 
placed within the larger, and concentric with i t  ; the interval be- 
tween the two being the space through which the induetion was to 
be effeeted. The apparatus had a tube in the lower part, furnished 
with a stop-cock, by means of which i t  might be connected with an 
air-pump or filled with any required gas. In place of the lower hemi- 
spherical shell of air, occupying the interval between the two 
spheres, any solid dielectric, of the same form, such as sheU-lae, 
glass, or sulphur, might be substituted. Two of these instruments, 
precisely similar in every respect, were constructed, and the author 
ascertained tlmt, the inductive power was the same in both, by alter- 
nately charging each and dividing the charge with the other, and 
finding that, in all eases, the charge remaining in the one, and also 
that received by the other, was very nearly half the original charge. 

The experiments on which the author principally relies in support 
of the correctness of his views relative to induction being exerted in 
eurved Lines, are the following : a brass ball being laid on the top 
of an excited cylinder of sheU-lae placed vertically, the charge 
whieh a carrier ball received when brought to different points near 
to the brass sphere was measured by means of the eleetrometer; and it 
was inferred, from the charaeter of the electricity, that the charge 
was one by induction, and from its measure, that it  proceeded in 
curved lines. By substituting for the brass sphere a disc of metal 
above the shell-lac cylinder, i t  was found that when the carrier ball was 
brought near to the middle of the disc no charge was communicated, 
although a sensible one was obtained at the edge of the disc, and 
also at a point above its centre, further removed from the excited 
cylinder. Corresponding and very striking results were obtained 
when a brass hemisphere was placed on the top of the cylinder of lae. 
The charge communicated at the centre of the hemisphere was only 
one-third of that obtained at the edge of its periphery ; but by taking 
i t  at a point at  some height above the centre, and consequently much 
further removed from the inducing cause, the charge was nearly 
equal to that of the periphery. Here, the author remarks, the in- 
duction fairly turned a corner, exhibiting both the curved lines or 
courses of its action, when disturbed from their rectilineal form by 
the shape, position and condition of the metallic hemisphere; and 
also a lateral tension, so to speak, of these lines on one another ; all 
depending on induction being an action of the contiguous particles 
of the dielectric thrown into a state of polarity and tension, and mu- 
tually related by their forces in all directions. In the foregoing ex- 
periments the dielectric was a i r ;  but  they were afterwards varied by 
substituting a fluid, as oil of turpentine, and likewise a few solid 
dielectrics, namely, shell-lac, sulphur, carbonate and borate of lead, 
flint-glass, and spermaceti, and with these, corresponding results 
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were obtained. These results, the author considers, cannot but be 
admitted as arguments against the received theory of induction, 
and in favour of that which he has put forth. 

In the course of these experimental researches, some effects due 
to conduction, which had not been anticipated, and which were si- 
milar to the residual charge in the Leyden jar, had been obtained 
with such bodies as glass, lac, sulphur, &e. If the inductive appa- 
ratus, fitted with a hemispherical cup of shell-lac, after having re- 
mained charged for fifteen or twenty minutes, was suddenly and per- 
fectly discharged, and then left to itself, i t  would gradually recover 
a very sensible charge ; the electricity which thus returned from an 
apparently latent to a sensible state being always of the same kind 
as that given by the charge. This return charge is attributed to an 
actual penetration, by conduction, of the charge to some distance 
within the dielectric at each of its two surfaces, and several experi- 
ments are adduced in support of this view. With shell-lac and sper- 
maceti the return charge was considerable ; with glass and sulphur 
it was much less ; but with air, no decided effect of the kind could 
be obtained. As this was an effect which might interfere with the 
results, in the method the author adopted for deciding the question 
of specific inductive capacity, and as time was requisite for this pe- 
netration of the charge, its influence on these results was guarded 
against by allowing, between the successive operations, as little 
time as possible for this peculiar action to arise. 

The author thus states the question of specific inductive capacity 
which he had proposed to investigate :--Suppose A an electrified 
plate of metal suspended in the air, and B and C two exactly similar 
plates, placed parallel to and on each side of A, at equal distances, 
and uninsulated ; A will then induce equally towards B and C. If 
in this position of the plates, some other dielectric than air, as shell- 
lac, be introduced between A and C, will the induction between them 
remain the same ; or will the relation of C and B to A be altered 
by the difference of the dielectrics interposed between them ? 

The experiment of Coulomb, from which it appeared that a wire 
surrounded by shell-lac took exactly the same quantity of electricity 
from a charged body, as the same body took in air, seemed to the 
author to be no proof of the truth of the assumption, that, under 
such variation of the circumstances as he had supposed, no change 
would occur. Entertaining these doubts as to the conclusions deducible 
from Coulomb's result, he had the apparatus previously described 
constructed, as being well adapted for this investigation. After re- 
jecting glass, resin, wax, naphtha, oil of turpentine, and other sub- 
stances, as unfit for the purpose in view, he chose shell-lac as the sub- 
stance best calculated to serve as an experimental test of the question. 

For the purpose of comparing the inductive capacities of shell-lac 
and air, a hemispherical cup of shell-lac was introduced into the lower 
hemisphere of one of the inductive apparatus, so as to nearly fill the 
lower half of the space between the two spheres ; and their charges 
were divided in the manner already described ; each apparatus being 
used in turn to receive the first charge, before its division with the 
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other. As the two instruments were known to have equal inductive 
powers when air was contained in both, any deficiencies resulting 
from the introduction of the shell-tae would show a peculiar action 
in it, and, if unequivocally referable to a specific inductive influence, 
would establish the point in question. 

The air apparatus being charged, and its disposable charge being 
290 ° , this charge was divided between the two. After the division 
the charge in the lae apparatus was 118% and in the air apparatus 
114 °. From this it  appears, that whilst by the division the induction 
through the air lost 176% that through lac gained only 113 °. As- 
suming that  this difference depends entirely on the greater facility 
possessed by shell-lac of allowing or causing inductive action through 
its substance than that possessed by air, then the capacity for electric 
induction would be inversely as the respective loss and gain ; and as- 
suming the capacity of the air apparatus as unity, that of the shell- 

lac apparatus would be 176 1-~ or 1"55. 

When the shell-lac apparatus was first charged, and then the 
charge divided with the air apparatus, it  appeared that the lac appa- 
ratus, in communicating a charge of 118 °, only lost a charge of 86 °. 
This result gives 1"87 as the capacity of the lac apparatus. 

Both these results, the author considers, require a correction; 
the former being in excess, the latter in defect. Applying this cor- 
rection, they become 1"50 and 1"47. From a mean of these and se- 
veral similar experiments, i t  is inferred that the inductive capacity of 
the apparatus having 'the hemisphere of lac is to that with air as 
1"50 to 1. 

As the lac only occupied one half of the apparatus containing it, 
the other half being filled with air, it  would follow from the foregoing 
result, that the inductive capacity of shell-lac is to that of air as 
2 t o  1. 

From all these experiments and from the constancy of their results 
the author deems the conclusion irresistible, that sheU-lac does ex- 
hibit a case of specific inductive capacity. 

Similar experimentswith flint- glass gave its capacity 1"76 timesthat 
of air. Using in llke manner a hemisphere of sulphur, it appeared 
that the inductive capacity of that substance was rather above '2"24 
times that of air, and the author considers this result with sulphur 
as one of the most unexceptionable. 

Wi th  liquids, as oil of turpentine and naphtha, although the re- 
sults are not inconsistent with the belief, that these liquids have a 
greater specific inductive capacity than air, yet  the author does not 
consider the proofs as perfectly conclusive. 

A most interesting class of substances, in relation to specific in- 
ductive capacity, the gases or aeriform bodies, next came under the 
author's review. 

Wi th  atmospheric air, and likewise with pure oxygen, change of 
density was found to occasion no change in the inductive capacity. 
Nor was any change produced, either by an increase of temperature 
or by a variation in the hygrometric state. 
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The details are then given of a very elaborate series of experiments 
with atmospheric air, oxygen, hydrogen, nitrogen, muriatie aeid, 
carbonic acid, sulphurous acid, sulphuretted hydrogen, and other 
gases, undertaken with the view of eomparing them one with an- 
other under a great variety of modifieations~ Notwithstanding the 
striking contrasts of all kinds which these gases present, of property, 
of density, whether simple or compound, anious or cations, of high 
or low pressure, hot or cold, not the least difference in their capacity 
to favour or admit electrical induction through them could be per- 
eeived. Considering the point established, that in all these gases 
induction takes place by an action of contiguous particles, this is 
the more important, and adds one to the many striking relations 
which hold among bodies having the gaseous form. 

In conclusion, the author remarks, that induction appears to be 
essentially an action of contiguous particles, through the interme- 
diation of which the electric force originating or appearing at a cer- 
tain place, is propagated to or sustained at a distance, appearing there 
as a force of the same kind and exactly equal in amount, but oppo- 
site in its direction and tendencies. Induction requires no sensible 
thickness in the conductors which may be used to limit its extent, 
for an uninsulated leaf of gold may be made very Mghly positive on one 
surface, and as highly negative on the other, without the least inter- 
ference of the two states, as long as the induction continues. But with 
regard to dielectrics, or insulating media, the results are very differ- 
ent ; for their thickness has an immediate and important influence 
on the degree of induction. As to their quality, though all gases 
and vapours are alike, whatever be their state, amongst solid bodies, 
and between them and gases, there are differences which prove the 
existence of specific inductive capacities. 

The author also refers to a transverse force with which the direct 
inductive force is accompanied. The experimental proof of the ex- 
istence of such a force, in all cases of induction, is, from its bearing 
on the ph~enomena of electro-magnetism and magneto-electricity, of 
the highest importance ; and we cannot but look forward with the 
greatest interest to the promised communication in which these and 
other ph~euomena relating to this subject will be reviewed, 

Jan. 18.--" On the Variation of a Triple Integral." By Richard 
Abbott, Esq. F.R.A.S. Communicated by Benjamin Gompertz, 
Esq., F.R.S.  

In the calculus of variations, the discovery of which has immor- 
talized the name of Lagrange, that illustrious mathematician, by 
differentiating the function with respect to a new variable which en- 
ters into it, reduced the general problem of indeterminate maxima 
and minima to the solution of an equation depending on the variation 
of the given integral, whether single or multiple, and whose differ- 
ential coefficient contains any number of variables, or which even de- 
pends on other integrals. The author investigates, in the present 
memoir, the case in which the given function is a triple integral ; its 
variation being composed of two distinct parts, namely, a triple inte- 
gral and another part, the determination of- which must be sought 
from the limits of the triple integral. 
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" Explanation of the Phenomena of Intermitting Springs." By 
W .  L. Wharton, Esq. Communicated by James F.  W .  Johnston, 
Esq., M.A., F . R . S . L .  & Ed. 

The author, considering the generally received explanation of in- 
termitting springs, founded on the operation of a simple syphon, as 
being insufficient to account for the ph~enomena, inasmuch as the 
water which has risen above the lower side of the bend of the 
syphon will merely trickle down its longer leg, and be expended 
before it can fill the whole area of that part of the syphon, has pro- 
posed the following hypothesis for the solution of the difficulty. 
He conceives that  the stream, while falling obliquely down the long 
leg of the syphon, is broken into drops, and carries along with it 
numerous air-bubbles, which, if the lower end of the tube have an 
abrupt bend upwards, will be impelled forwards, and escape at the 
open part ; thus occasioning a rarefaction of the remaining air in 
the tube sufficient to ensure its full operation as a syphon. A model 
is described, which the author constructed for the purpose of illus- 
trating and corroborating his views. 

Jan. 2 5 . - - A  paper was in part read, entitled, "Fourth Letter 
on Voltaic Combinations." Addressed to Michael Faraday, Esq., 
D.C.L., F.R.S. ,  by John Frederic Daniell, Esq., F .R.S.  

Feb. 1 . - -The  reading of a paper, entitled "Fourth Letter on 
Voltaic Combinations, with reference to the mutual relations of 
the generating aud conducting surfaces ;" addressed to Michael 
Faraday, Esq., D.C.L., F.R.S.,  &c. By John Frederic Daniell, Esq., 
F.K.S.,  Professor of Chemistry in King's College, London, was re- 
sumed and concluded. 

In this communication the author describes a series of experiments, 
made for the purpose of determining the distribution of the voltaic 
force from its source in the generating metal, as indicated by the de- 
position of reduced copper in the constant battery ; and, considering 
that the voltaic combination most perfect in theory would be one 
formed by a solid sphere, or point, of the generating metal, sur- 
rounded by a hollow sphere of the conducting metal, with an inter- 
vening liquid electrolyte, he constructed an apparatus making as near 
an approximation as possible to these conditions. I t  consisted of 
two hollow brass hemispheres, applied to each other by exterior 
flanges, and rendered water-tight by an intervening collar of leather. 
In the centre of the hollow sphere thus formed, a ball of amalgamated 
zinc was suspended by a well-varnished copper wire, connected with 
one of the cups of a galvanometer, and was contained in a mem- 
branous bag holding the acid solution ; the whole being introduced 
through a short tube in the top of the upper hemisphere, and the 
remaining space being filled with a saturated solution of sulphate of 
copper. The galvanic circuit was completed by wires establishing 
connexions betweeneither hemisphere and the other cup of the galva- 
nometer. For measuring the forces developed, sometimes the ordi- 
nary magnetic, but in the greater number of instances the calorific 
galvanometer of De la Rive was employed; the indications given by 
these instruments were noted, on the completion of the circuit, in 
various ways ; and the deposition of copper in the hemispheres was 
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examined after the apparatus had been in action for a certain number 
of hours. 

The following are the conclusions which the author deduced from 
a series of experiments thus conducted : 

1st. The force emanating from the active zinc centre diffuses itself 
over every part of the upper hemisphere, from which there is a good 
conducting passage for its circulation. 

2nd. The same amount of force is maintained by either hemisphere 
indifferently ; but when both conducting hemispheres are in metallic 
communication there is no increase of force. 

3rd. Although the force is not increased, it  spreads itself equally 
over the whole sphere. 

4th. When one hemisphere is connected with the zinc centre by 
a short wire capable of affording circulation to the whole force, and 
the other hemisphere is connected by a long wire, through the gal- 
vanometer, with the same centre, the equal diffusion of the force over 
the whole sphere is maintained. 

5th. There is no greater accumulation of precipitated copper about 
the point with which the conducting wires are brought into contact, 
and towards which the force diffused over the whole sphere must 
converge, than at any other point; proving that the force must diverge 
from the centre equally through the electrolyte, and can only have 
drawn towards the conducting wires in the conducting sphere itself. 
Other experiments showed that the force is but slightly increased by 
a great increase of the generating surface. 

The author's attention was next directed to ascertaining the nature 
of the law according to which the force emanates from the zinc centre 
to the surrounding conducting sphere. Wi th  this view, a variety of 
experiments were made with the zinc in different positions in the in- 
terior of the sphere ; and from these it appeared that, whatever may 
be its position, the whole force is the same. From these results i t  
is inferred, that the force emanating from the zinc ball diffuses itself 
over the surrounding conducting sphere in obedience to the well- 
known law of radiant forces being in the inverse duplicate ratio of 
the distance. 

Experiments of the same kind were likewise made with the pre- 
vious combination inverted, that is, with a small copper ball in the 
interior of a large hollow sphere of zinc ; and from these the author 
concludes that, in this case also, the law of radiation is maintained, 
although the force is reduced to one half of that obtained from the 
former combination. 

In order to ascertain the effect of cutting off the lateral radiation 
from the zinc hall, it  was placed in a glass tube, six inches long, 
within half an inch of the lower aperture, over wtfich a piece of mem- 
brane was tied, and the tube plunged into the solution of copper con- 
tained in a brass hemisphere, so as to rest upon the bottom. The 
results obtained by this arrangement, as also those when the zinc ball 
was raised in the tube to the surface of the solution, showed that the 
action of the zinc ball had been propagated from the aperture of the 
glass tube, as from a centre, diverging from this in the solution. 
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The experiments next described appear to have an important bear. 
ing on a question of vital interest in the theory of electricity, which 
has been discussed by Mr. Faraday, in a paper recently read to this 
Society : viz., whether the forces emanating from a centre of electric 
action act, like other central forces, in straight l ines;  or whether 
they are propagated from particle to particle in the surrounding matt 
ter, and may, consequently, when obstacle~ interfere with their 
rectilinear propagation, exert their influence in curved lines. An 
elliptical plate of copper, one side of which was covered with 
lae varnish, was placed in an earthen pan, with the varnished 
side upwards, and covered to the depth of a few inches with 
the acid solution of copper. The zinc ball, placed in the tube 
half an inch from the diaphragm, was plunged just below the surface 
of the solution, and the circuit being completed, the galvanometer 
indicated an action nearly equal to that which had been previously 
observed when both sides of the copper had been exposed. The 
under side of the copper presented the appearance of a border of pre. 
cipitated compact pink copper, varying from 1¢ to ~ of an inch in 
width, and the remainder was covered with precipitated copper of a 
darker red colour, into which the border gradually passed; and similar 
results were obtained with a circular disc of copper, having one side 
varnished. I t  hence appears, that the under surface, which, by itself, 
is capable of sustaining from the ball in the centre of the solution an 
action nearly as great as the upper surface, when combined with the 
latter adds no more than about one-eighth part of its efficiency ; and 
whereas, with the upper surface, the action varies in some inverse 
ratio of the distance of the generating from the conducting surface, 
with the under surface, there is a maximum point, on both sides of 
which it decreases: and this point is doubtless dependent on the 
angle at which the force which radiates from the ball meets the edge 
of the plate. The author having been led to the conclusion, that the 
force developed by voltaic combinations is subject to the law of ra- 
diant forces, had been utterly at a loss to understand how, upon this 
hypothesis, i t  could extend its influence to the side of a plate oppo- 
site to that to which it was directed in right lines ; but having per. 
used Mr. Faraday's "Eleventh series of experimental researches in 
Electricity," all his own results appeared to fall in naturally with 
the general views therein explained. He considers, that the direction 
of the force through an electrolyte may be expressed in the very 
words employed in that paper to describe that of the direct inductive 
force in statical electricity, simply substituting the term Electrolyte 
for Dielectric, and the term Current for Induction. 

Experiments are further described, in which the effects of various 
combinations of different generating and conducting surfaces, placed 
at different distances apart, were measured by the calorific galvano- 
meter, from which the following conclusions are drawn : 

1st. That the energy of the force is about sextupled by the ab, 
sorption of the hydrogen at the conducting surface ; except in the 
case of equal plates, when it is more than quadrupled. 

2nd. That the effect of distance is much more decided in the ia~ 
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stances where the amount of the circulating force is greater, than in 
the contrary cases. 

3rd. That the amount of force put into circulation from a large 
surface of zinc towards a central ball of copper, is, as in former in- 
stances of similar combinations, about one half of that from the rz- 
verse arrangement. 

4th. That a ball of zinc, exposing a surface of 3"14 square inches, 
placed over the centre of a plate of copper, exposing on its two sides 
a surface of 28 square inches, sustains an action of nearly the same 
amount as a plate of zinc, of the same dimensions as the copper, 
placed at the same distance. 

!n conclusion, the author remarks, that the principal circumstance 
which limits the power of an active point within a conducting sphere, 
in any given electrolyte, is the resistance of that electrolyte, which 
increases in a certain ratio to its depth or thickness ; and this thick. 
nes's may virtually be considered the same wherever the included 
point may be placed, but increases with the diameter of the sphere. 
In an insulated hemisphere, however, the approximation of the active 
poir}t to the lower surface virtually decreases the thickness of the 
electrolyte, and consequently the force increases. In this respect, 
the action of a point upon a plate may be considered the same as 
upon an indefinitely large hemisphere, towards which, as the point 
approaches, the force increases. 

Feb. 8 . ~ A  paper was read, entitled, " Researches towards 
establishing a Theory of the Dispersion of Light", No. IV.O By the 
Rev. Baden Powell, M.A., F.R.S. ,  Savilian Professor of Geometry 
in the University of Oxford. 

In his former communications to the Royal Society the author 
had instituted a comparison of the results of observation and of 
theory with regard to the dispersion of light, in the instances of the 
respective indices for the standard rays in fifteen different cases of 
transparent media; and had found a sufficiently close agreement in 
the cases which gave the lower numbers ; but there yet  appeared to 
be an increasing discrepancy as an advance was made towards the 
higher. The theoretical formula employed in this investigation was 
one derived from the undulatory hypothesis, by a process involving 
some limitations, which rendered it only approximative. By pur- 
Suing the calculations to a greater degree of development, or by 
adopting methods of a more precise character, such as those of M. 
Cauchy and of Mr. Kelland, the author was led to hope that a more 
close coincidence might be obtained. The formulm of M. Cauchy, 
however, involved calculations of so elaborate and overwhelming a 
character, that he was induced to make trial of the method of Mr. 
Kelland, applying it, in the first instance, to the case of the most 
highly dispersive substance, namely, oil of Cassia, in which the 
greatest discrepancy had before appeared. 

The object of the present communication is to state the results 
obtained, together with the necessary data employed in the calcu- 

* Abstracts of Prof. Powell's former papers on this subject have been given 
in vol. vi. p.374 ~ vol. viii. p, 413; vol, x, p. ~ 1  : see alsovol, xi, p. 477. 
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Iations ; and also to elucidate the general method, so as to render it  
more easily applicable to other cases which may arise in the further 
prosecution of the determination of specific indices. For this pur- 
pose a general statement is given of Mr. Kelland's method, in whose 
formulae, it  is easy, knowing the value of the wave-length in air, 
and taking the indices as given by observation for that particular 
medium, to introduce the values of the wave-length in the medium. 
Two of the constants are then determined for that medium ; and by 
the aid of these, combined with the indices given by observation, 
a value of the third constant is deduced for each ray : and the veri- 
fication of the theory will result from the equality of the respective 
values of this latter constant thus obtained. 

The author then gives tables exhibiting the comparison of observed 
refractive indices with the results of Mr. Kelland's theory ; first, in 
the case of sulphuret of carbon, at a temperature of 12 ° (centigrade) ; 
next, of the same substance at 22°; and lastly, of oil of Cassia: 
from which it appears, that the accordance between the results of 
observation and of theory is sufficiently within the limits of the 
errors in the experimental data to satisfy all reasonable expectation. 

A paper was also in part read, entitled, " Experimental Re- 
searches in Electricity." Twelfth Series. By Michael Faraday, Esq., 
D.C.L., F.R.S. ,  &c. 

A letter was read from Dr. Marshall Hall, in reply to a note con- 
tained in the paper of Mr. Newport, published in the last volume of 
the Philosophical Transactions. 

[To be continued.] 

ROYAL IRISH ACADEMY. 

Inaugural Address delivered 33/the President, Sir  W .  Rowan  
Hami l ton ,  A.M., £e.R.S., Astronomer Ro3/al of Ireland, 

December 11, 1837. 

MY LORDS AND GEI~'TLEMEN OF THE I~OYAL IRISh ACADEMY, 
The position in which your kindness has placed me, entitles me, 

perhaps, to address to you a few remarks. Called by your choice 
to fill a chair, which Charlemont and Kirwan, and others, not less 
illustrious, have occupied, I cannot suffer this first occasion of pub- 
licly accepting that high trust to pass in silence by, as if it  were to 
me a thing of course. Nor ought I to forego this natural opportu- 
nity of submitting to you some views respecting the objects and 
prospects of this Academy, which, if they shall be held to have no 
other interest, may yet  be properly put forward now, as views, by 
the spirit at least of which I hope that my own conduct will be re- 
gulated, so long as your continuing approbation shall confirm your 
recent choice, and shall retain me in the office of your President. 

First, then, you will permit me to thank you for having con- 
ferred on me an honour, to my feelings the most agreeable of any 
that could have been conferred, by the unsolicited suffrages of any 
body of men. Gladly, indeed, do I acknowledge a belief which it 
would pain me not to entertain, that  friendship had, in influencing 
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